We considered whether senior hospital managers and department chairs need to be concerned that small reductions in average hospital length of stay (LOS) may be associated with greater rates of re-admission, use of home health care, and/or transfers to short-term care facilities. The 2013 United States Nationwide Readmissions Database was used to study surgical Diagnosis Related Groups (DRG) with 1) national median LOS ≥3 days and 2) ≥10 hospitals in the database that each had ≥100 discharges for the DRG. Dependent variables were considered individually: 1) re-admission within 30 days of discharge, 2) discharge disposition to home health care, and/or 3) discharge disposition of transfer to short-term care facility (i.e., inpatient rehabilitation hospital or skilled nursing facility). While controlling for DRG, each one-day decrease in hospital median LOS was associated with an odds of re-admission nationwide of 0.95 (95% confidence interval [CI] 0.92-0.99; P=0.012), odds of disposition upon discharge being home care of 0.95 (95% CI 0.83-1.10; P=0.64), and odds of transfer to short-term care facility of 0.68 (95% CI 0.54-0.85; P=0.0008). Results were insensitive to the addition of patient-specific data. In the USA, patients at hospitals with briefer median LOS across multiple common surgical procedures did not have a greater risk for either hospital re-admission within 30 days of discharge or transfer to an inpatient rehabilitation hospital or a skilled nursing facility. The generalisable implication is that, across many surgical procedures, DRG-based financial incentives to shorten hospital stays seem not to influence post-acute care decisions.
Introduction
Healthcare insurers aim to provide incentives for hospitals and other healthcare providers to manage the cost of patient care. These inducements involve, in part, reducing the inpatient hospital length of stay (LOS) and controlling costs in the immediate post-acute care period. The latter comprises appropriate use of home health care, avoidance of re-admission, and limited use of 'short-term care facilities' post-discharge (i.e., transfer to an inpatient rehabilitation hospital or skilled nursing facility).
The large majority of patients and insurers (e.g. Medicare, the public insurer for the elderly) in the United States of America's [US] hospitals are paid a fixed amount based on the specific condition/reasons for admission (i.e., the diagnosis related group [DRG]), thereby achieving incentives to reduce lengths of stay. This casemix funding mechanism creates a motivation for hospitals to discharge patients expeditiously 1, 2 . Alternative payment mechanisms include 'bundling' of care and responsibility for resource use within 30 to 90 days of discharge 3, 4 .
Some perioperative innovations can both reduce LOS and rates of re-admission, use of home health care, and/or transfer to short-term care facilities 5 . However, reducing LOS by shifting care to the post-acute care period might have the opposite effect. Multiple studies have examined the association between LOS after surgery and subsequent re-admission at the patient level; generally, when averaged among multiple hospitals, patients with briefer LOS have fewer re-admissions 6-8, . In addition, associations between hospitals' average (median) LOS and the incidence of subsequent re-admission have previously been characterised using before/after designs for specific procedures 5, [9] [10] [11] [12] [13] [14] [15] [16] . This distinction between individual patients' LOS versus hospitals' median LOS is important for anaesthesia, because perioperative surgical home and enhanced recovery programs typically are implemented at individual hospitals to reduce the LOS of nearly all patients of specific DRGs or groups of DRGs.
Each hospital has an anaesthesia department with anaesthetists caring for patients undergoing many different procedures (i.e., multiple DRGs) 17 . Whether findings from different procedures can be pooled to guide departmental strategic decisions can be unclear from studying before/after changes at individual hospitals 17 . Also, not only re-admission, but use of home health care and/or short-term care facilities, are important economically 17-19, .
In our current study, we consider whether senior hospital managers and perioperative/anaesthesia department chairs need to be strategically concerned that promoting incremental (e.g., 1-day) reductions in average LOS of many patients may be associated with greater rates of re-admission, disposition upon discharge being home health care, and/or transfers to short-term care facilities 5, 19, 20 . We address this issue using a sample of inpatient surgical discharges in the USA.
Methods
The 2013 Nationwide Readmissions Database was used subject to the required data use agreement 21 . The database is from the Healthcare Cost and Utilization Project (HCUP) of the US Agency for Healthcare Research and Quality (AHRQ) 22 . The database is a sample of 14,325,172 discharges from non-Federal US hospitals (e.g., not the US Veterans Administration or military hospitals). To create the public use file, AHRQ used 21 US states' data, all with unique and verified patient identifiers. These states represent 49.3% of the US population and 49.1% of US hospital discharges 23 . AHRQ created encrypted identifiers indicating all (≥1) discharges in 2013 for the same patient 24 . For each of the 612,335 discharges that we studied (last row of Table 1 ), we searched the 14,325,172 discharges in the core file (first row of Table 1 ) for patient matches (i.e., re-admissions) using the visit linkage field 25 . Table 1 shows the discharges that we studied. Table 2A shows the resulting selection of DRGs studied: common surgical DRGs with US national median LOS of three days or greater in 2013 ( Table 1 ). The US national median LOS in Table 2A were effectively measured without error, given the large (nationwide) sample sizes. Medicare Severity DRGs were studied 26 , and not specific procedures or combinations of procedures, because payers use DRGs, and our study uses a payer perspective. Comparison can be made, for example, to the Australian-refined DRGs 27 . The DRGs were limited to those with a median LOS at least three days because the Nationwide Readmissions Database only includes patients undergoing inpatient surgery. The surgical DRGs with a median LOS of two days and of one day were for procedures often performed during outpatient surgery (i.e., absent from the study data because there was no hospital admission). For example, DRG 352, "inguinal & femoral hernia procedures" has a median LOS of two days; such procedures are often performed on an outpatient basis. DRGs could not be limited to those with median LOS at least four days because several of the largest surgical DRGs studied (e.g., DRG 470 [major joint replacement] and DRG 766 [caesarean section]) had median LOS of three days.
Discharges were included provided there were at least 10 hospitals each with at least 100 discharges for the DRG ( Table 1 ). The minimum of 10 hospitals was chosen based on the privacy restriction of the data use agreement of the Nationwide Readmissions Database 21 . The minimum of 100 discharges was chosen so that the median LOS could be calculated reliably. With N = 100, the exact 95% two-sided binomial upper (lower) confidence limit for the 40.0th (60.0th) percentile equals 50.0%. Thus, for N ≥100, the 'median' represents the 40th to 60th percentiles of LOS.
Linear logistic regression was performed using STATA 14.1 (StataCorp LP, College Station, TX). Each of the three dependent variables were considered individually: 1) re-admission within 30 days of discharge, 2) disposition upon discharge being home health care, and/or 3) disposition upon discharge being transfer to an inpatient rehabilitation hospital or skilled nursing facility. For convenience, we refer to the latter two transfer locations as a 'short-term care facility'. The independent variable was the median hospital LOS for each patient's DRG. For the Nationwide Readmission Database, nearly all relevant discharges were included from among those of the participating states (i.e., not like the US National Inpatient Sample) 23 .
A weight was assigned by AHRQ to each of the 14,325,172 discharges in the Nationwide Readmissions Database to allow estimation for the 35,580,348 discharges nationwide 23, 28 . For example, among the 612,335 discharges that we studied (Table 1) , there was a discharge that was worth 1.8608 discharges nationally, another worth 3.0986 discharges nationally, and so forth. More precisely, the 10th percentile of the discharge weights equaled 1.425 discharges nationally; The 2nd column of this Table 2A represents the meaningful header descriptions for Tables 2B and 2C . The 'cc' represents complication or comorbidity. The 'mcc' represents major complications or comorbidities. The 'w' represents 'with' and the 'w/o' represents without. We took the US national data (i.e., all 14,325,172 observed discharges in the first row of Table 1 ). We excluded the discharges with a non-surgical DRG. We excluded the discharges of DRGs with national median LOS < 3 days. For each of the remaining DRGs, we calculated the estimated number of discharges, 'estimated' because the Nationwide Readmissions Database is a probability sample. We then sorted the DRGs in descending sequence of the estimated number of discharges. DRG 165 was the 40th most common. The reason why DRG 165 was the 40th most common overall, but the 14th most common of the 15 DRGs in this Table 2A , was the additional exclusion criteria in Table 1 . Our study was limited to those DRGs with multiple (≥ 10) sampled hospitals with many (≥ 100) patients having elective admission.
Table 2B
Characteristics of DRG 027 through 331, with the remainder of the DRGs in Table 2C   DRG  027  164  165  219  220  236  238  330  331   Observed  Hospitals  35  15  15  21  39  10  18  57  28  Discharges  6,082  2,784  2,171  2,760  6,564  1,239  2,370  8,332 3,724 LOS percentiles 10th Table 2A . This Table 2B is the 9 left-most columns of Table 2C . LOS represents length of stay in days. 'Transfer' represents discharge disposition of transfer to a short-term care facility (i.e., inpatient rehabilitation hospital or skilled nursing facility). Data are reported with the standard errors of the statistics given in parentheses. Table 2A . This Table 2C is the right-most hand 7 columns of Table 2B . LOS represents length of stay in days. 'Transfer' represents discharge disposition of transfer to a short-term care facility (i.e., inpatient rehabilitation hospital or skilled nursing facility). Data are reported with the standard errors of the statistics given in parentheses.
the 90th percentile equaled 3.314 discharges nationally; and overall the 612,335 discharges studied correspond to 1,429,766 discharges nationally. Note that these discharge weights 23,28, have nothing to do with 'DRG weights' 29 for measuring resource use. Because the DRG weights are unequal among discharges for the same hospital, we used fixed effects modelling for pooling data among hospitals. The logistic regression was performed with DRG as a category representing the other fixed effect covariate. The calculations using STATA took into account the two-stage survey sampling 30 . Data listed in Tables 2B and 2C as 'observations' are the sampled (N = 612,335) unweighted discharges. These unweighted values were also used for evaluation of linearity of the logits with median hospital LOS. The results (i.e. estimates for the US nationwide) are provided in the lower sections of Tables 2B and 2C and in Figures 1-3 . The results in Figures 1-3 for each of the 15 individual DRG are presented with Dunn-Šidák correction (i.e. 99.66% confidence intervals where 99.66% = 100 (1-0.05) (1/15) ).
Results
While controlling for DRG, each decrease in the hospital median LOS by one day was associated with an odds of re-admission, nationwide, of 0.95 (95% CI 0.92 to 0.99; P=0.012), odds of disposition upon discharge being home care of 0.95 (95% CI 0.83 to 1.10; P=0.64), and odds of transfer to short-term care facility of 0.68 (95% CI 0.54 to 0.85; P=0.0008). Figures 1 to 3 show these findings graphically as forest plots. The analyses treated the logits as linearly related to the median hospital LOS, which appears reasonable (Figure 4 ) over the small ranges of the median hospital LOS considered (Tables 2B and 2C) 31, 32 . In addition, there were no significant changes in estimates when each patient's age, comorbidities, and LOS were added as sensitivity analyses (Table 3) [33] [34] [35] .
Discussion
The upper confidence limits show that hospitals with briefer median LOS for common surgical procedures (Table 2A) did not have greater re-admission rates (Figure 1 ) or use of shortterm care facilities (Figure 3 ). If nationally there was greater incidence of use of home health care, the increase was small, by which we mean the 95% confidence upper limits for the odds ratios were <1.10. Our results should be reassuring that, at least over 30 days, and across many surgical procedures, DRG based financial incentives to shorten hospital stays do not appear to negatively impact post-discharge care decisions.
Implications of our results
Perioperative surgical home and enhanced recovery programs achieve reductions in LOS, but often following multiple interventions, some with limited levels of evidence 17, 36, 37 . Senior hospital managers, perioperative medical directors, and chairs of anaesthesia departments often lack quantitative knowledge of how individual changes made by these programs will influence endpoints other The text to the right shows the point estimates and confidence intervals for the odds ratios. For the pooled estimate, the confidence interval is 95%. For each of the 15 individual DRGs, the confidence intervals are Dunn-Šidák corrected 95% two-sided confidence intervals. The point estimates and confidence intervals were calculated using each discharge's weight and the survey design to provide an estimate of national values. The dotted line is located at the point estimate for the pooled result. than hospital LOS. For example, influences on re-admission rates, use of home health care, and/or transfer to short-term care may be known, at best, inaccurately, limited by small sample sizes for the DRG at the hospital, and/or be principally anecdotes of outcomes of individual patients. Would the best strategic decision be absence of encouragement of physicians to be involved in perioperative surgical home activity unless there are detailed and accurate data on patient disposition? Our results show that, in the absence of specific data to the contrary, small reductions in LOS can be trusted as not likely to be associated with greater rates of re-admission, disposition upon discharge being home health care, and/or transfer to short-term care facilities. Our results are reliable (narrow pooled confidence intervals) because the sample (i.e. complete data) was larger than that for the populations of Australia, New Zealand and Canada, combined. Our findings for re-admission match those of previous studies of enhanced recovery programs [9] [10] [11] [12] [13] [14] [15] [16] [17] ; the findings for use of home health care and short-term care facilities among many hospitals are novel economically. Hospitals with briefer median LOS had fewer transfers to short-term care facilities (Figure 3 ). This result may be caused by DRGs not being designed for complete risk adjustment (i.e. the significant odds ratios cannot be interpreted to represent causal relationships). In addition, Figure 3 shows that there was large heterogeneity among DRGs for the transfer to short-term care facilities. We think that the implication of this result should be considered that small, achievable reductions in LOS are not commonly a consequence of greater rates of discharge to short-term care facilities.
Limitations
Because we used administrative data, our analyses cannot reveal the decision-making that influenced the results. However, results indicate that, in general, across the US, there is an effective check and balance of potential hospital financial gain from programs for expedited discharges from patient-centric medical decision-making by attending physicians. Our analyses were focused on payers' perspectives. Specifically, we considered 30 days from discharge, as would be relevant to an insurance carrier (or government organisation serving as such) that has already paid (or accounted) for events occurring within the hospital. This consideration of 30 days from discharge is considered in contracts as a 'warranty period'. In addition, we relied on DRGs (i.e. US and many other countries' billing system) 1, 2, 26, 27 , rather than more extensive risk adjustment, because the DRGs are used for reimbursement and budgets. Table 3 shows that our conclusions were unaffected by this choice.
Our article likely cannot be compared validly with articles that have studied re-admission based on 30 days from the date of elective surgery 38 . Because the postoperative inpatient hospital days are included, our study comprises more days after surgery; median 33 days to 39 days depending on the DRG (Table 2A ). In addition, our article's results should not be applied to studies that have included non-elective surgery 32 .
Conclusion
We found that for the USA nationally, patients cared for at hospitals with briefer median LOS for multiple surgical procedures did not have greater odds for either hospital re-admission within 30 days of discharge or transfer to inpatient rehabilitation hospital or skilled nursing facility. The odds of disposition upon discharge being home health care was, at most, 10% greater for each one day reduction in the median hospital LOS. The concern would be that the effect of the median hospital LOS would be U-shaped, rather than linear 31, 32 . Among the 45 studied combinations of the three endpoints and 15 DRGs (i.e. Figures 1-3) , the combination with the smallest observed value for the upper confidence limit was transfer to short-term care facility among patients of DRG 460. The logit versus median LOS is shown for this combination. All other combinations were reviewed and there too was no indication of violation of linearity. An alternative approach to assess linearity would be to centre the median hospital LOS variable at the mean, and then to add a quadratic term. Tables 2B and 2C show that only for DRG 330 was the difference between the 90th and the 10th percentiles of the median hospital LOS greater than three days. For that DRG, the quadratic terms had uncorrected P=0.704 for readmission, P=0.246 for home health care, and P=0.103 for transfer to a short-term care facility.
